The degradation of buildings, or rather the decline of their initial performances following external agents both natural (cold-thaw, earthquake, salt, etc.) and artificial (industrial field, urban setting, etc.), in the years lead to the necessity of developing Non-Destructive Testing (NDT) intended to give useful information for an explanation of a potential deterioration without damaging the state of buildings. An accurate examination of damages, of the repeat of cracks in condition of similar stress, indicate the existence of principles that control the creation of these events. There is no doubt that a precise visual analysis is at the bottom of a correct evaluation of the building. This paper deals with the creation of 3D models based on the capture of digital images, through autopilot flight UAV, for civil buildings situated on the area of Reggio Calabria. The following elaboration is done thanks to the use of commercial software, based on specific algorithms of the Structure from Motion (SfM) technique. SfM represents an important progress in the aerial and terrestrial survey field obtaining results, in terms of time and quality, comparable to those achievable through more traditional data capture methodologies.
INTRODUCTION
In the field of civil infrastructures, 3D reconstruction through images is an emerging theme, which is not fully developed yet commercially. Over the last few years, algorithms have been made widely available in the field of Geomatics, for making DEM models, and in the archaeological field for the modeling of cultural goods. SfM has been successfully used in a wide range of applications by generation of Photogrammetries, surveys and topographic mapping, for control activities, for assessing disaster-related disasters, and for the retention of evidence for legal dispute resolutions. Several studies have highlighted the precision and efficiency of this technique by highlighting preciousness and defects.
Here will be some studies conducted and aimed at the development of a scientific approach directed to the 3D modeling of facultative infrastructure works, not only to the geometric reconstruction, but also to the visual identification of the present depletions and to a global analysis of the state of conservation of the work. The use of more and more advanced technologies in the construction of large works allows not only to define the useful shape but also to adapt the old works to the requirements of the new and more stringent rules on seismicity and durability. Precisely in terms of durability, diagnostic and surveillance techniques are of fundamental importance for the assessment of the conservation status of the work. In identifying the causes of degradation, the working conditions and, of course, the materials that constitute the work must be taken into account. In general, it is possible to identify some of the typical causes of degradation briefly summarized in the following main points: environmental aggression, material durability, errors or deficiencies that must be imputed to the realization.
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The first point should be investigated in the conditions in which the structure performs its function, not only the atmosphere, the climate or the water (meteoric, watercourse) but the micro environment with which the structure interacts (vibrations, actions of mechanical disruption caused by frost and thaw, chemical aggression caused by sulphates, chlorides, oils, etc.). The second point is to detect in the technological shortcomings of the materials used or in their erroneous detection according to the use. The third point should be considered the incorrect combination of materials and insufficient attention to the construction phase. The use of non-destructive investigations for the assessment of the state of conservation of works is a valuable tool both for the determination of the physical and mechanical properties of the structural elements that make up the work and for obtaining detailed information on the geometric survey of structures.
A well-established technique for modeling structures is, for the acquisition of raw data to be processed later, in the use of the Laser Scanner, which has now achieved remarkable results and remarkable precision. Through this technique, starting from a laser source, it is possible to scan the three-dimensional coordinates of a very high number of points (point clouds) automatically, allowing for a three-dimensional reconstruction of the object or surface of interest. Recently, through SfM that resembles what happens to stereoscopic photogrammetry (where the generation of 3D structure is resolved and defined by overlapping images), the scene reconstruction, positioning and orientation of the camera are automatically resolved by the software used for processing, speeding up work times and lowering costs.
OBJECT OF THE STUDY
For this contribute three distinct works have been acquired by nature and complexity. First, was surveyed a bridge in reinforced concrete located in San Gregorio in the town of Reggio Calabria. It consists of three spans in reinforced concrete, each of which consists of five longitudinal beams of 13.75 m long, with a section of 0.40 mx 0.70 m, of 1.40 m which are connected by traversers having a section of 0.15 mx 0.30 m spaced at a distance of 2.75 m (Figures 1 and 2) . The artefact has several problems both with regard to metal reinforcements, in advanced oxidation state and in concrete, characterized by important and diffused areas affected by the separation of the concrete cover. It is therefore evident that there is a need for interventions aimed at the restoration and consolidation of all structural elements of the bridge (beams, traverses and slats), which cannot ignore the knowledge of the geometry of the various structural elements and the determination of the position, number and the section of the metal armatures. The third surveyed work is a bridge located at km 517.20 of the SS 18 in the Villa San Giovanni municipality in the province of Reggio Calabria (Figure 5 and 6). The work was chosen in view of its particular design; in fact, it is made up of an original masonry structure consisting of three spans with 6.60 m light and two 1.50 m wide poles with a length and a width of 27 m each 6.30 m. This structure, following the adjustment and extension of the road section, was alongside a new in reinforced concrete, always at three lanes with lights of 7.20 m, a width of 4.20 m, also, length of 27 m. They are commonly found in masonry work, missing or broken elements, efflorescence traces and a general degradation due to time spent and poor maintenance. The part in reinforced concrete has traits with concrete dilution, efflorescence, expulsion of the cover, spraying of the casting, losers, these, from a misalignment of the work. 
UNMANNED AERIAL VEHICLES
Nowadays, in the common sense, UAV is associated with multirotor aircraft that are most commonly available on the market even though, strictly speaking, the term extends to any means capable of moving with a high degree of autonomy in controlling ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume IV-4/W4, 2017 4th International GeoAdvances Workshop, 14-15 October 2017, Safranbolu, Karabuk, Turkey their behaviour in relation to the environmental situations in which it moves. This type of drone has been in existence for more than 8 years now but, at the present time, the novelties that bring them to the fore are:
• the collapse of prices and the wide variety of models available;
• their greater reliability and versatility;
• their consequent widespread diffusion.
Currently, in fact, an UAV can make photographic surveys useful for the objectives of reconstruction analysed in this article, costs even less than a thousand euros, resulting in an ever-increasing number of professionals. Their low cost also influences the survey cost, cheaper than cost related to the use of more traditional engineering tools and devices, and it is desirable that the inherent culture of these aircraft becomes increasingly part of the university education, as are the others instruments.
However, it is important to emphasize that drones are not simple model aircraft and require preparation for their use and maintenance. Moreover, their use is tightened strictly in most of the Western world and every survey must be done in compliance with current rules, as in the Italian case with the regulation issued by ENAC and recently updated. Unskillfulness and negligence can lead to dangerous behaviour for themselves and others, and risks of being incriminate of both administrative and criminal offenses.
SURVEY AND RECONSTRUCTION OF WORKS THROUGH SFM
The principle on which the SfM is based recalls what happens to digital stereoscopic photogrammetry, because 3D generation is done by overlapping images. The software used by particular algorithms automatically resolves both placement and orientation of the camera and the reconstruction of the model is done by means of point clouds. Because the software identifies points and targets in a completely automatic way, care should be taken to ensure that the shots are made in such a way as to ensure a high degree of overlap and therefore an adequate quality of the model. Workflow for obtaining a point cloud and its model is very simple. Through an algorithm implemented by D. Lowe in 2004, called SIFT (Scale Invariant Feature Transform), the notable points in the photographic shots are identified and extracted by operators of interest that, within particular areas of the scene, identify the points with equal lighting, colour, rotation, etc. Once the homologous points are identified, these are coupled through the matching operation using the Euclidean concept of distance. Locating a point in the first scene having certain characteristics (brightness, colour, etc.), the homologue in the next scene turns out to be the closest to the one in question. The next step involves generating the 3D model by determining the internal orientation parameters of the camera used for shooting. Bundle adjustment has the task of limiting errors during reconstruction. Last phase is the generation of the model through a dense cloud. Here are the dense image matching algorithms. They are distinguished in two types, area based matching algorithms (AMBs) that work on the statistical comparison of the grey intensity present in the various photos and which do not include the extraction of features by treating the intensity of the grey; and feature-based matching algorithms (FBM) that first search for common features and then perform extraction. The combination of both ensures optimum results but extends considerably the processing time.
The DJI Phantom 2 drone equipped with a GoPro HERO3+ Silver Edition digital camera was used to capture the photos for 3D reconstruction, which, thanks to its technical characteristics and ease of use, is well suited to uses of this type. The flights for the various surveys were set in automatic mode by the formulation of flight planes, set by the input of track points with known coordinates of ground-based landmarks with RTK kinematics rover GNSS implemented in previous phases (also useful in Processing phase for model scaling). The possibility of real-time control of the drone through a ground station has allowed detailed and accurate shooting of the works investigated, monitoring the position, the quota and the state of the device (Figure 7 ). For reconstruction operations, Agisoft PhotoScan software, a low-cost commercial software produced by Agisoft LLC, has been used to create dense clouds, meshes and high quality textures. The workflow is fully automated both for image orientation and for generating and reconstructing the model. The generated model can be exported to be managed and eventually processed with external software dedicated to structural control (Figures 8, 10 and 12 ). All processes can be performed with various precision levels and different parameters can be set to improve the final result. For the work under review, we used a HP Z800 workstation with 2 x Xeon Hexa Core X5650 CPU, 64 GB RAM, 128GB SSD 2TB additional Hard Drive, equipped with two NVIDIA Quadro FX 4800 video cards 1.5 GB of RAM each and with 64-bit Windows 7 Professional operating system. 
COMPARISON WITH TLS
To test what we get from the combination of APR and PhotoScan, the use of the Laser scanning technology has allowed to reconstruct a 3D model of the Villa San Giovanni bridge by point cloud, comparing in terms of precision, time and cost modeling between the two image based and range based methodologies (Dai et al., 2013) . For the scanning of the work, we used a Riegl LMS-Z420i laser scanner. The survey is structured with the choice of instrument positions, its set-up, its calibration. Data acquisition and data processing are done with point cloud recording, filtering, data cleanup, modeling, and creating threedimensional mesh (Figure 14 ) (Barrile, Meduri, Bilotta, 2011) .
The evaluation of the precisions was based on the 5 survey target placed on the deck facades and on the comparison of the results obtained with a traditional topographic survey with the Leica TCRA 1201 high precision automated station ( Figure 15 ) (Barrile, Meduri, Bilotta, 2014a) , (Barrile, Meduri, Bilotta, 2014b) . 
CONCLUSIONS
In this contribute, the survey with UAV and the SfM approach were used for the survey of three major artefacts in the province of Reggio Calabria. The SfM approach has its strengths in fast, low cost, and highly automated 3D production process. Processing times are greatly affected by the available computing power. With reference to the SfM approach, it should be pointed out, with appropriate step-by-step arrangements (camera type, number and position of shots, brightness and contrast), the point cloud and, consequently, the resulting pattern. They have a precision comparable to what we can get through the TLS survey by obtaining, in the cases in question, maximum errors in the order of ± 3 cm with respect to the real data (Dai, Feng, Hough, 2014) . In generating point clouds, an overabundance of information, in some cases, has been translated into "noise" generation within the model generation. Furthermore, SfM technology can be used, besides modeling, for a first visual evaluation of structural degradation for works that are not directly and easily accessible using UAV.
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